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Introduction. Although many attempts have been made in the
past to elucidate the chemical structure of the proteins, the peptide
hypothesis developed some thirty years ago by Hofmeister and by
Fischer has alone survived the test of experimental criticism. This
hypothesis has recently been materially extended through the appli-
cation of new methods of investigation; the results are so striking
and are of such great significance to biochemistry that a brief review
of the more important accomplishments is desirable.
The chief developments have dealt with three aspects of the
general problem of protein structure, the particle size in solution,
the space relationships of the amino acids in the peptide chain, and
the gross structure of the protein. Inasmuch as many of the con-
tributions bear upon more than one of these aspects it will be neces-
sary to discuss them individually.
Protamine Structure. The protamines have been extensively
studied by Felix and his associates. Felix and Dirr'0 (see also Felix
and Lang12) fractionated the methyl esters of clupeine and ascer-
tained the amino acid composition, and the acid and base binding
capacity, of the fractions. With this information it was possible to
assign probable empirical formulae to the fractions and to estimate
their theoretical amino acid composition as well as their minimal
molecular weights. Sturine was also studied11 and a satisfactory
agreement found between the requirements of the theoretical com-
position and the analytical results.
Waldschmidt-Leitz, Ziegler, Sch'affner and Weil38, in their
studies of salmine and clupeine, employed a process of fractional
precipitation of the native protamine and subjected the several frac-
tions to the action of an enzyme, protaminase, that was prepared
from extracts of pancreas and freed from proteolytic enzymes. The
enzyme split off one-fifth ofthe arginine ofclupeine and one-seventh
of that of salmine. The ratio of amino to total nitrogen in the
* From the Biochemical Laboratory of the Connecticut Agricultural Experiment
Station, New Haven. The expense of the preparation of this paper was shared by
the Connecticut Agricultural Experiment Station and the Carnegie Institution of
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original protamines is very low, and, after treatment with the
enzyme and removal of the arginine, this ratio was practically
unchanged. They concluded, therefore, that proline forms one of
the terminal radicals of each of these protamines, and that the
enzyme hydrolyzes arginine groups only from the free carboxyl end
of the peptide chain. The total length of the chain was estimated
from a consideration of the amino acid composition; in the case of
clupeine it was found that the chain probably contains 14 peptide
bonds. The presence of 15 amino acid radicals implied a minimal
molecular weight of the order 2000 for this protamine. Svedberg
and Sjogren, at the request of these authors, conducted an investi-
gation of the molecular weight of clupeine and salmine by the ultra-
centrifuge method, and obtained results indicating that this lies
between the limits 1700 and 3000.
Clearly, therefore, the protamines clupeine and salmine are rela-
tively simple substances and the evidence strongly supports the view
that they are polypeptides of a size commensurate with the largest
that have been obtained synthetically by Fischer and by Abder-
halden. Although much remains to be done with respect to the
demonstration that preparations secured from natural protamines are
homogeneous, and also with respect to the sequential arrangement of
the radicals in the chain, it seems that one of the outposts of the prob-
lem of protein structure has finally capitulated.
Molecular Weights of Proteins. During the past five years
Svedberg, with the assistance of a number of collaborators, has
developed two new methods for the direct determination of the
molecular weight of proteins. One of these depends upon the
measurement of the rate at which the protein molecules are sedi-
mented when the solution isexposedtoaverylargegravitational field
in a specially constructed centrifuge. According to the other method
the molecular weight is calculated from thedistribution oftheprotein
in the solution when this is centrifuged at such a speed that a con-
dition of equilibrium is set up between the displacement of the
molecules in the gravitational field and their movement due to
normal diffusion. Both of these methods have been applied to a
number of proteins and the results have led to an extraordinarily
suggestive generalization, the precise meaning of which, however, is
still not entirely clear. A summary of much of Svedberg's data is
given in Table I.
It is obvious that the molecular weights of egg albumin, hemo-
globin, and serum albumin are almost exactly in the ratio of 1: 2: 3,
596THEORY OF PROTEIN STRUCTURE
TABLE I
Protein
Ovalbumin29 ........................................
Bence-Jones protein32 ..........................
Insulin17' 21
Hemoglobin24' 0 ................................
Scrum albumin31 34 ............................
Serum globulin31 34.
Amandin38.Is .............................
Edestin3 ..........................................
Excclsin ............................................
Legumin5 ..........................................
Coconut globulin35 ............................
C-Phycocyan27' 28.
C-Phycoerythrin27 .........................
R-Phycocyan27' 28.
H-Hemocyanin23' 25. 26
L_HCmOCYanin23' 25. 26.
Molecular
weight
34,500
35,000
35,100
68,000
67,500
103,800
208,000
208,000
212,000
208,000
208,000
208,000
208,000
206,000
5,000,000
2,000,000
Factor
1.00
1.01
1.01
1.97
1.96
3.03
6.04
6.04
6.15
6.04
6.04
6.04
6.04
5.97
Sedimentation
constant
X 10-13
3.54
3.54
3.47
4.37
4.21
5.66
11.4
12.8
11.8
11.5
11.4
11.2
11.6
11.1
98.
35.7
and that the vegetable globulins and the chromoproteins have molec-
ular weights very close to six times that of egg albumin. The fac-
tor by which 34,500 must be multiplied in order to give the molecu-
lar weight of each protein is given in column 3. Although the last
two proteins, the curious copper-containing respiratory proteins of
the blood of the snail and of the horse-shoe crab, do not fall into
this beautifully simple scheme, it is clear that a considerable number
of representative proteins*, all of which have properties that permit
* Not all of Svedberg's measurements have led to such dean-cut results as those
given in the table. The milk proteins in particular have presented a difficult
problem. Sj6gren and Svedbergl' found that lactalbumin, after thorough purifica-
tion, was polydisperse and that particles of weights of from 12,000 to 25,000 were
present. Direct centrifugation of milk showed the presence of little material, in
addition to casein, that could be centrifuged, and this conclusion was strengthened
by a study of the effect of salt precipitation of the proteins of milk. The authors
conclude that lactalbumin is built up, during "purification", from particles of
relatively small size.
The work on casein22 showed that this substance is also inhomogeneous. An
acid alcohol extract of Hammarsten casein contained a protein of molecular weight
375,000 11,000. On the other hand, the bulk of the material prepared by the
Van Slyke and Baker process had a molecular weight between 75,000 and 100,000.
If this material was heated above 40°C. during dissolution the product consisted of
molecules of weight 188,000. Carpenter9 has presented much independent chemical
evidence that the molecular weight of a casein fraction that had been found to be
homogeneous in the ultracentrifuge lies close to 98,000. It is clear that, in results
of the ultracentrifuge experiments upon milk proteins, the fundamental unit of
weight 34,500 is much less obvious than is a unit of half this weight.
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of their being obtained in a condition of approximate purity, possess
molecular weights that are closely related to each other, each being
multiples by the integers 1, 2, 3, or 6 of the quantity 34,500.
Svedberg has extended his observations to the behavior of pro-
teins in solutions at reactions removed from the isoelectric point. He
found that the molecular weight remained the same over a consider-
able range of reaction, serum albumin, for example, being stable
within the range pH 4 to 9, edestin from its isoelectric point at pH
5.5 to about pH 10, and hemoglobin between the limits pH 6 to 8.
At reactions appreciably outside of the stability region a splitting of
the large molecules into smaller fragments occurred. This decompo-
sition was by no means haphazard, however; the size of the frag-
ments was integrally related to the size of the original molecule.
Excelsin at pH 11.9 was completely dissociated into molecules of
one-sixth the size of the normal, legumin at pH 9.3 was partly
decomposed into molecules of one-half the normal weight, edestin
solutions at pH 11.3 contained molecules of one-half and one-third
the normal, together with molecules of the normal weight. Oval-
bumin is stable between pH 4 and 9 but, at somewhat more alkaline
reactions, a partial decomposition to products too small to be centri-
fuged occurred, the change being very extensive beyond pH 11.
Below pH 3 the rate of sedimentation increased, probably due to the
formation of larger aggregates of denatured protein. One of the
most striking observations was that these decompositions were, in
some cases, and within certain limits, reversible. If the reaction was.
restored to the range of stability reformation of molecules of normal
molecular weight occurred.
As a result of these findings Svedberg has suggested that pro-
teins, in solution, are dispersed into molecules of molecular weights.
that are, in general, multiples by 1, 2, 3, or 6 of 34,500.* These
molecules undergo more or less complete decomposition in alkaline
solutions into fragments that bear an integral relationship to each
other with respect to weight, and this decomposition, in some cases,
at least, is reversible. This generalization is one of the most extra-
ordinary accomplishments of recent years; it implies that there is a
definite and hitherto unsuspected type of structural organization
common to many, if not all, proteins. Svedberg's work has pro-
* In the following discussion this quantity is occasionally referred to as the
"Svedberg unit". No implication with regard to its structure or composition is.
made. Its only definitely known characteristic is a molecular weight close to 34,500..
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vided students of protein chemistry with an altogether fascinating
theme for investigation.
Adair and Robinson2 have determined the molecular weights of
serum albumin and serum globulin by the osmotic pressure method.
They obtained a value 72,000 ± 3000 for the albumin, in good
agreement with Svedberg's, but their value of 175,000 + 17,000 for
serum globulin is appreciably higher than his. The explanation of
this discrepancy is yet to be obtained.
Another contribution that bears upon this problem of the size of
protein molecules is the work of Burk and Greenberg8 on the osmotic
pressure of proteins dissolved in concentrated urea solution. These
investigators found that casein exerts an osmotic pressure in 6.66 M
urea such that the apparent molecular weight is 33,600 + 500. No
evidence with regard to the homogeneity of such solutions can be
secured by this method, consequently this figure merely represents
the average size of the molecules. The correspondence with the
weight of the "Svedberg unit" is strikingly suggestive however.
Hemoglobin was found to consist of particles of weight 34,300 in
urea solution, but possessed its normal weight (66,500) when dis-
solved in 6.5 M glycerol. The protein, after recovery from the urea
solution, was found to be denatured, that recovered fromtheglycerol
solution was not. The conclusion was therefore drawn that the
denaturation of hemoglobin involves a splitting of the molecule into
two parts of equal weight. Egg albumin was likewise found to be
denatured after dissolution in 6.66 M urea but, in this case, no
change in particle size occurred. The osmotic pressure observed
corresponded to amolecular weight of approximately 33,600.
Edestin, like hemoglobin, was found to undergo decomposition
at reactions more acid than the isoelectric point, with corresponding
increase in osmotic pressure. From pH 5.7 to 8.9 the pressure was
constant and corresponded to a molecular weight of 49,500 + 700.
This observation suggests that edestin which, according to Svedberg
and Stamm8" has a molecular weight of 212,000 ± 10,000, is split,
in urea solution, into particles with an average molecular weight of
one-quarter the normal size, and thereby provides what is appar-
ently an exception to Svedberg's rule. Svedberg has found no case
in which fission of the molecule into partides of one-quarter or one-
fifth of the original molecular weight occurred. It must be remem-
bered, however, that osmotic pressure measurements, provide no
evidence of the homogeneity of the solution. Although the particles
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in Burk and Greenberg's solutions possessed an average molecular
weight of 49,000, obviously a fission of the edestin molecule into
equal numbers of particles of weight 34,500 and 69,000 might have
occurred and remained undetected. Examination of urea solutions
of edestin in the ultracentrifuge will alone give evidence on this
point.
The work of Burk and Greenberg furnishes interesting support
to Svedberg's view that the protein molecule is composed of units of
molecular weight close to 34,500. The ease with which disaggre-
gation can be brought about, and the reversibility of the change in
certain cases, suggest a type of combination between the units other
than by such a linkage as the peptide bond. Investigations of pro-
teins conducted from an entirely different point of view have recently
shed considerable light on this aspect of the problem.
X-Ray Interference Diagrams. In 1923 Brill' observed that an
X-ray interference pattern could be obtained from silk fibroin. At
that time he drew deductions with regard to the structure and molec-
ular weight of the protein of silk that have not met with general
acceptance, but the fundamental observation has remained as a chal-
lenge to speculation. Recently7 he has shown that no evidence of
crystalline structure can be detected in the contents of the spinning
gland of the silkworm until the fluid has been allowed to dry; an
interference diagram is then obtainable. Whether or not these
diagrams are referable to a truly crystal structure, they demonstrate
the existence in silk of a regularly disposed structure of atoms.
Ott"4 has reported that X-ray interference diagrams can be
secured from a suspension of crystalline egg albumin in ammonium
sulfate, provided due consideration is given to the special difficulties
presented by this material. This observation is perhaps more readily
explicable than the observations on silk fibers; the crystals of egg
albumin have long been regarded as being analogous to the crystals
of other and simpler substances.
Astbury and Woods3 have employed the X-ray diffraction
method in a study of wool fibers, both in the normal and in the
stretched condition. The normal fiber exhibited a spacing of 5.15 A
along the fiber axis with true side spacings of 9.8 A and 27 A. If
the fiber is observed during stretching in the moist condition, begin-
ning at an extension of approximately 25 per cent, a new periodicity
becomes apparent, which, with increasing extension, ultimately pre-
dominates. This has a characteristic period of 3.4 A with a side
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spacing of 9.8 A. The phenomena are, to a considerable extent,
reversible and, under special conditions, extensions as great as 100
per cent can be obtained. Astbury and Woods speak of normal wool
fiber as a-keratin, the stretched form being ,3-keratin.
A study of the possible atomic linkages in the protein with the
assistance of structure models suggested an explanation of many of
the observations. The protein molecule may be regarded as con-
sisting essentially of a chain of amino acids in peptide union.
R1 R2 R3 R4
-CO-CH-NH-CO-CH-NH-CO-CH-NH-CO-CH-NH-
DIAGRAM 1
Obviously this chain contains a regularly repeated structure. If a
space model be constructed with due regard for probable atomic size
and valency direction, several possibilities are presented, among
which two possess suggestive properties. One of these consists of a
series of nearly closed loops formed from six successive atoms, these
being separated by more open loops formed from seven successive
5.15 A
NHC N - NH--CO
CHR CHR CH HR CHR }0HR
/ O *I0O * G NH
CO* CN/NH CO- C
DIAGRAM 2
atoms. The six-membered loops lie in the same plane, the seven-
membered loops are skewed, three of the atoms defining a plane that
lies at an anglewith the plane of the six-membered loops. Reference
to Diagram 2 may make this clearer although it is impossible to
represent on a plane sureface the minor details such as the alternate
placing of the oxygen atoms of the carbonyl groups, or the disposal
of the carbon chains in the radicals attached to the CH groups.
The CO and NH groups at the openings of the six-membered
loops approach very near to each other, and it may be supposed that
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secondary valence forces operate between them, thereby conferring a
measure of stability on the system. These loops are, in effect,
diketopiperazine rings, configurations that have long been considered
in various speculations upon protein structure37.
This system provides an explanation of certain of the X-ray
data. There is a repetition of symmetrically disposed groups and
these recur at a distance comparable to the analogous hexagonal
structures of cellulose, in which the successive groups are linked
through oxygen, and which also reveal a spacing in the X-ray
diagrams of 5.15 A. Furthermore, certain of the chemical properties
ofkeratin are accounted for by the close-knit structure, while the ease
with which wool takes up water, or the lower alcohols20, and the
a
10.2 A
I ~~~~~~~~~~~~~~~~~~~~~~~~~~~I
\CHR~\/NH \HjN \bH//C HR
\
\co/ wf° HR XE S*
3.4 A
DIAGRAM 3
loosening effect upon the whole system that results from this, can be
accounted for if it be supposed that the absorbed molecules become
attached in a direction perpendicular to the plane of the hexagons.
The facts that wool fiber, under certain circumstances, can be
stretched 100 per cent, and at the same time the periodicity of the
atomic structure changes from 5.15 A to 3.4 A, find their explanation
in a structural formula that develops from that already described, if
tension be applied at the ends and free rotation of the links con-
necting the atoms be permitted. A representation of this formula
is shown in Diagram 3. Two symmetrically placed nitrogen atoms
in the loop formula are marked with asterisks to draw attention to
the magnitude of the elongation that can occur. In the second
formula there is a regularly repeated structure, but the length of the
units is obviously shorter than that in the looped formula; this
correlates with the spacing of 3.4 A observed in stretched wool. The
most significant result, however, is that two atoms which, in the
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formula of the normal wool are at a distance of 5.15 A are, in the
formula of the stretched wool, at a distance of 3 X 3.4 or 10.2 A.
The elongation is therefore approximately 100 per cent and corre-
sponds exactly to the elongation of wool fibers that can be obtained
under the most favorable conditions.
These two formulations account for the behavior of wool with
respect to elongation and also explain why silk does not show the
same long-range elasticity as wool. Silk fiber in the normal con-
dition shows a periodicity of 3.5 A, and X-ray diagrams of silk and
of stretched wool are dosely similar. It may be supposed, there-
fore, that silk normally occurs in the so-called p-form and possesses
a structure that corresponds to that of stretched wool.
Astbury and Woods4 have extended this view of the constitution
of wool in an attempt to account for the regularities in the molecular
weight of proteins observed by Svedberg. Provided the magnitude
of Svedberg's "unit", 34,500, can be satisfactorily explained, the rest
"may be merely another aspect of that grouping of molecules which
is called crystalline." The crux of the problem is to account for the
absence of the number four from Svedberg's rule. This follows at
once from a consideration of the peculiar chemical properties of the
peptide chain. If it be assumed that neighboring peptide chains are
held in relative position more or less rigidly by secondary valence
forces emanating from the CO and NH groups, four and only four
arrangements of such chains are available from crystallographic con-
siderations. Three of these maybe formulated as in Diagram 4, the
fourth being too complex for dear presentation. Formula 1 repre-
sents the simple chain that may be supposed to occur in the proteins
of molecular weight 34,500 (egg albumin, Bence-Jones protein,
insulin). Formula 2 represents two opposed chains linked together
by partial valencies, and may be supposed to represent the pro-
teins of molecular weight 68,000 (hemoglobin, serum albumin).
Formula 3 represents three chains pointing in the same direction but
arranged in a threefold screw. The fourth possibility consists of
two threefold screw structures, one set being in the opposite direc-
tion to the other, the two sets being mutually interlocked. Each of
these four types of molecular structure has its analogues in the field
of crystallography, the fourthbeingtheknownstructureofcrystalline
quartz.
There is no way in which four, or five peptide chains can be com-
bined into a stable crystallographic unit; these considerations there-
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fore account in a striking manner for the Svedberg rule of molecular
magnitudes of proteins.
I I
CO * * * *NH
I I
NH* 9.0C0
I I
CHR CHR
I I
I I
NH**. CO
1 I
CUR CHR I I
Formula 2.
DIAGRAM 4
I I UU**#0f******NHF
IH I ..IO CO* * * * *
IEl I .IC I 0 1
CHr
I ~~~~~~I
FormCHR3I
A possible explanation of the fundamental magnitude 34,500 has
also been furnished by Astbury and Woods. Their argument is
based largely on probabilities but has some experimental support.
If it be supposed that a peptide chain is being lengthened during the
synthesis of the protein it seems obvious that some factor must
eventually operate to limit the final length that can be attained.
They suppose that this factor is the vibrational instability of the
structure, the ultimate possible weight of the chain being determined
by the maximum length consistent with stability. They point out
that, in the case of the fibrous proteins, the probability of disrupture
increases with length.
On this basis there is no reason to suppose that different proteins
will be made up of units of identical molecular weight; in fact, the
molecular weights should not be strictly constant and this indeed is
the case. But there is a strong probability that many proteins will be
formed of units of roughly constant weight.
Co I
NH
NH
CuR
Formula 1.
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This speculation is supported by a calculation of the probable
size of the units. The average molecular weight of the amino acids
found in wool is 121 and three of these occupy a space of 5.15 A in
the chain. The length of chain which would correspond with a
molecular weight of 34,500 is therefore approximately 500 A. It so
happens that this is about the minimum magnitude from which dif-
fraction effects can be observed in the X-ray spectrograph. Further-
more, observations upon hairs that have developed pronounced
permanent decay of tension yield poorly defined photographs. This
is consistent with the view that the units in wool actually have a chain
length not far from 500 A.
The actual size of protein molecules in solution, as estimated by
Svedberg, is of a considerably smaller order of magnitude. He has
found that the ovalbumin molecule behaves like a sphere of 2.17 mp
radius. This corresponds to a diameter of 43 A and is far below the
minimum size necessary for the observation of a diffraction pattern.
The molecules of edestin, and of the other vegetable globulins that
behave as if they were spheres, have radii of 3.94 m>; these mole-
cules therefore have a diameter of approximately 80 A. The actual
dimensions of the molecule in solution, however, imply nothing with
regard to the length of the peptide chains of the units from which
the molecules are formed. As Sorensen has pointed out'9, "such
Jong peptide chains doubtless will be flexible and apt to roll them-
selves up by reason of the cohesion forces by which the various parts
of the polypeptide chain attract each other". The X-ray spectra are
phenomena observed with fibrous and with crystalline substances
only.
Proteins as Reversibly Dissociable Systems of Components. For
many years Sorensen and his collaborators have sought for criteria
whereby proteins can be characterized and, among the many proper-
ties they have studied, the solubility, under known conditions of salt
content, hydrogen-ion activity, protein concentration, and tempera-
ture, has been found to yield the most generally useful results.
Sorensen's earlier work on the solubility of egg albumin"8 showed
that the crystals that separate, under suitable conditions, are
hydrated; water is therefore removed during crystallization and the
salt concentration in the mother-liquor is changed. It was found
possible, nevertheless, to arrange the conditions of the experiment so
that the final concentration of salt and the hydrogen-ion activity
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should be under control, after crystallization was complete and equi-
librium had been reached; a series of experiments in which these
factors were held constant, while the total quantity of protein in the
system was varied, should then be strictly comparable. In his more
recent work S6rensen" has extended the observations on solubility to
a number of other proteins with due attention to the proper adjust-
ment of the conditions of the experiments. In all cases the solu-
bility of the protein varied according to the total quantity present in
the system. Egg albumin showed this effect to an appreciable
extent, but with serum albumin, serum globulin, casein, and gliadin,
the results were striking; the solubility increased materially as the
total quantity of protein present was increased.
Elaborate fractionation of these proteins showed that not only
could fractions of different solubility be obtained, but that the chemi-
cal composition of the fractions differed appreciably. The fractions
secured from the albumins preserved the properties of the original
protein with respect to their capacity to crystallize and showed no
evidence of hydrolysis. Less definite evidence of the absence of
chemical change could be secured for fractions of the non-crystalline
proteins, but, in all cases, the fractionation wasshowntobereversible.
The reconstituted protein obtained by reuniting the several fractions
was indistinguishable from the original material in acid or base bind-
ing capacity, composition, viscosity or with respect to any other
property.
These experiments have led Sorensen to propose a new view of
the composition of proteins. He believes that, even after elaborate
purification, proteins cannot be regarded as homogeneous, but that
they are rather to be looked upon as reversibly dissociable systems
of components. The components differ in minor respects from each
other, and the protein in its native state in solution is something quite
other than the solid material secured by precipitation procedures.
The separation of a crop of serum albumin crystals, for example,
merely means that certain of the components in the serum can com-
bine, probably by means of residual valencies, into a product that is
insoluble under the imposed conditions. An increase in the salt con-
tent of the mother-liquor may then bring about the precipitation of a
second and slightly different combination of components. No hard
and fast line exists between such a system and one that is frankly a
mixture. In complex protein solutions, such as blood serum, egg
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white, or milk, several different component systems are present, and
between these there is an equilibrium that is entirely dependent on
the conditions. This equilibrium is readily and reversibly altered
by changes in the composition of the solvent.
According to this view such old distinctions as those between
euglobulin, pseudoglobulin, and serum albumin tend to disappear,
isolated protein preparations become more clearly artifacts, and such
confusing observations as those on the different chemical composition
and molecular weight of fractions obtained from casein, or of the dif-
ferent viscosities of fractions prepared from gliadin, receivearational
explanation.
Sorensen's experimental data in support of this view consist
largely of solubility determinations so conducted that the composi-
tion of the final mother-liquor is constant, the total protein concen-
tration at the start being varied. He obtains the value of the ratio
As
Zw, where As is the difference between the quantities of protein
hydrate in solution in two experiments in which AZ is the difference
between the total quantities of protein in the systems before
separation of the solid phase occurred. If proteins behaved like
non-dissociable substances a plot of s against Z would be a straight
line, parallel with the axis of Z, illustrating a fixed solubility. In
the actual case, however, it is a somewhat curved line inclined at
AS
an angle to the Z axis. The ratio - might seem to furnish a
measure of the tendency of the protein to dissociate, were it not for
the fact that this varies considerably according to the conditions of
the experiment. If the salt concentration, in an experiment on egg
albumin, is high, little protein remains in the solution at the end of
the crystallization, and this represents the most soluble of the com-
ponents; the value of
A will give little information regarding the
bulk of the material. Conversely, when a minimal precipitation
has been produced by a low salt concentration, the ratio approaches
a maximal value that likewise does not represent the greater part
of the system. The slope
s is therefore not a satisfactory criterion
of the dissociation tendency, and Sorensen admits that a universal
and readily comprehensible term for this quantity is probably not
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producible. If, however, a factor that is dependent on the experi-
As mental conditions is annexed to the value z, a quantity is obtained
that probably varies substantially in the same manner as the
dissociation tendency. He has selected the solubility s. at unit con-
centration of the protein hydrate (Z = 1), and proposes to charac-
terize the dissociation tendency, Dt, in terms of AS** When Dt
is plotted against Z a curve is obtained for each protein that rises
rather sharply as the concentration diminishes. Egg albumin,
furnishes an exceptional case because there is very little change in
dissociation tendency with concentration. The curves for the serum
proteins and egg albumin lie rather closely together and form a dis-
tinct family; those for the different fractions of gliadin and for
casein reveal a very appreciably greater dissociation tendency.
The close correspondence between these views of Sorensen and
some of the experimental results and speculations that are detailed
in the preceding pages will be at once apparent. Sorensen has, him-
self, pointed out the relationship between his results and those of
Svedberg. Egg albumin, the molecular weight of which is approxi-
mately 34,500, shows little dissociation tendency, and also has a wide
range of stability when tested at different hydrogen-ion activities in
the ultracentrifuge. This suggests that Sorensen's components have
a molecular weight approximating that of the smallest proteins.
Sorensen's extensive studies of egg albumin have all led to the view
that this protein is a chemical unit, and he states clearly that the
notion that it consists of a reversibly dissociable system is to no small
extent due to his experience with other proteins. But with the serum
proteins, casein, and gliadin, the case is quite different. Here the
evidence for reversible dissociation is exceptionally clear, and here
also the ultracentrifuge experiments point to the probability of rever-
sible dissociation under certain conditions. On the whole, then,
Sorensen's views furnish a striking interpretation of the experimental
results of Svedberg.
During the past few years we have learned to view the problem
of protein structure in a decidedly different way. The conception
of a definite and invariable molecule of enormous, but only roughly
estimated size is gone. So, also, is the notion that repeated frac-
tionation and precipitation necessarily results in a "purification" of
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the protein. Dry preparations of proteins are recognized to be arti-
facts which represent what was, perhaps, only a passing phase of the
events that take place in the protein solution. The idea of dynamic
equilibrium between components replaces the former idea of a
simple solution; further investigation will ultimately reveal the
details of the chemical nature of these components and provide
experimental evidence for the kind of union that occurs between
them.
The idea that proteins are complexes made up of units held
together by partial valencies is not entirely new; Abderhalden has
for years sought evidence in its favor. Abderhalden thought that
the units, which he termed "elementary complexes", were formed in
part, at least, of diketopiperazine rings'. Bergmann5 has likewise
emphasized the importance of combinations, by means of secondary
valencies, between the "individual groups" which make up the pro-
tein complex, and Meyer"3 speaks of the units as "mixed micelles"
that consist of main-valency chains united to each other in a similar
fashion.
Sorensen's view differs from these in his clearer appreciation of
the molecular magnitudes involved and in the firmer experimental
basis upon which his hypothesis rests. It is by far the most compre-
hensive speculation upon the nature of the protein that has yet been
advanced and represents a true and logical development of the best
thought and experimentation of the past.
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